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(57) Abstract 

A molecule that homologizes a genotype 
and a phenotype and is prepared by covalently 
joining the 3' end of a nucleic acid portion 
having a base sequence reflecting a genotype to 
the C-terminus of a protein portion containing a 
protein participating in phenotypie expression; 
and a method of constructing a molecule that 
homologizes a genotype and a phenotype, 
which comprises the steps of (a) preparing a 
DNA containing a gene free from termination 
codon, (b) transcribing the DNA into a RNA, 
(c) joining a spacer comprising a DNA-RNA 
chimera to the 3' end of the RNA, (d) further 
joining to the 3' end of the product of ligation a 
nucleoside or a substance having a chemical 
structure analogous to that of the nucleoside, 
the nucleoside and the substance analogous 
thereto being capable of forming a covalent 
bond with an amino acid or a substance having 
a chemical structure analogous to that of the 
amino acid, and (c) synthesizing a protein in a 
cell-free protein synthesis system by using the 
product of ligation as a mRNA to thereby join 
the gene-containing nucleic acid portion to the 
product of gene translation. This molecule is 
extremely useful in evolutionary molecular engineering for the modification of functional biopolymers, such as enzymes, antibodies and 
ribozymes, and the creation of biopolymers having functions which living organisms do not possess. 
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X^0S«R{ix #^©M^^/ct-^>^°^^RNA©^«(ii^*^^§ 
fr©&gjS£#fc U AlfflA<ff *©«tB* fc* St^RNA£ g Si K^IM 
>f £C iK&So UfrU &&©*>/**5fI3**>RNAX5*H\ *©*$jg©£ 

mvm&cDmm® t > < oav&g* x* tmrnowtz* % wm\^ t tt o x 

i^S, Ztifa, A!&<D3ttoK£*)fi V/N'^K^RNA^r-tf-f >tSMi:l^T 
^^^©^^^^^^©^iiSi^^o^xa^-r*^^. * > 
rA*n£^<i-j {f^t)Ttt< rg&©*niu £M3fe©x&£o «©*> 



WO 98/16636 2 PCT/JP97/03766 - 

ti^o ^mfc^aj©5>^A@s^j (W 3 mm&) ©rna^^l, *©*^s> 

#£©ttjf£fcom*Stftfi-*-tt**<$ftTtr** (Ellington, A. D. & Szostak, 
J. W. (1990) Nature, 346, 818-822) 0 

%o c:©^ rA»*^<UTj x*y-->^©££x*-rntf, mk^© 
satc^«[©jfiftiga5^j*5saT#^ rmm-wmi ^mnt^tz^mm^ 

mtt&vm&ttjKismt Lxm¥&)ummfr&2> 0 &>)%immzMft*&£ 
^ (7^f->> ty^o-«w ■&£©*>/<*»£&&■*-* 



WO 98/16636 3 . PCT/JP97/03766 - 

%ib<fttti&tz£<%TL^fr : ¥-'<'{*r-? ; ai?-T'$>Z> (tfcHlg (1991) *4^-\ 
61, 333-340; ttJUl (1992) m®M<t. m6m,MXimg) 0 

(1) ¥Wfrt>&<Mtltzmi&%, (2) SBltm^N (3) (4) 
M^£3l?IM©«tt{;mf8££fco3f^ (5) ffi^J^K±.(rMe]^®/^* 
M^o^, T£>£o (1) ch (2) (5) IttiLfaM 

^(D^vfnK^t-yxi^o &?&mmz£?>mim, (4) omfc-j-mt 

g t> il^T-X^T fc &© 3 #:©I£IB&«J8 ^tlTt^o 
(a) itfe^i^M^PI-^±fr©-ti:^ U^if-fAM. (b) mttmtm 
$LM(D&&WZM!&t <i (c) itfe«£iOT£---o©gKAft 
6 Milk 

(a) <DMiK^mtmnWl^-^iZ(D^ U sKif-f i^l*. 
«K cn*TRNA««£ CJ^if-TA) TJS£#£fc$«ra>S (flPJII&&. ( 1993) 



WO 98/16636 PCT/JP97/03766 - 

4 

M\<D-3.-x.J i>, pp. 57-77, ¥±tt) o 

(c) cDmMmowm&tLT. awtinmm* mmttto^ (3)?>n 

ISrt-efinfcf-a (n) o+0-o»ci8^j:^^:ii)»:ttlBi$i±ii^-fb$tix & 

(s) /n-rauanart^#sft^**&ai>5o ntr-tt (n) <±t 
torn* < mitt ztztbizit (b) ©^-r;i/xM©ct-? triift^trgjaM^- 

7 7-^ • tmX7°W (Smith, G. P. (1985) Science 228, 
1315-1317; Scott, J. K. & Smith, G. P. (1990) Science 249, 386-390) N # U V 
-A-x-fX^W (Mattheakis, L. C. et al. (1994) Proc. Natl. Acad. Sci. 
USA 91, 9022-9026) > o- K-fb^ ?"ft5 -f 7' 5 U - (Brenner, S. & Lerner, 
R. A. (1992) Proc. Natl. Acad. Sci. USA 89, 5381-5383) N -te.ilX? y h 
(Husimi, Y. et al. (1982) Rev. Sci. Instrum. 53, 517-522) 

^^t)bf\ H4©i-^cn^©^-r^xM{rfco>T{is 'J sJ?if>r a».£-© 



WO 98/16636 - 5 - PCT/JP97/03766 - 

U^»3£T*ttl\ (2)KS«tt> (3)«£KJ: */<-f TX, (4)fS£©«£fc{:: 

tfij V- A • fMX^U'T & (Mattheakis, L. C. & Dower, W. J. (1995) WO 
95/11922) (*> y**y-A*^UT«»£* W^f}^fJt||^TiWlJ 

(rfitfi#:B ^©msk^mk^So sa^u *'v-a£< 

t>z.tz*£t£<D-V. Sttftft (tikx.tf, m%-tetotit") ©IKK*fl--©SiJ#j£ 
®<g#S 0 3- Rb^^'#7^7'^ U- (Janda, F. H. & Lerner, R. A. (19 
96) WO 96/22391) U> tr-X^UT-ffc^JKLfc'^f- K£$Bfc©* ^**f 
J^S*Tl^^ S£©ftWT*M:100»£g«©* 
#'fitKiSWca6, flk6©*£lr^:/f- KUite***^ IM©^1^ 

p^limsi, (1) U^ifVAS(r-i±^S^/j:^MI3^^T§^, 
(2) fe&z&&\sti\.&m&®<D9 >'*9g<DMM. (3) fi&Sii&CBajStftt 
l\ (4) 21#i©n- K»T^^^07 ^ 7 8*£*AT#*x 

Sfci?J3©§8* 

vi tro £ Pf <h * ? m £ ©RBiWfc^ig^Tfetf 



WO 98/16636 PCT/JP97/03766 - 

- 6 - 

-tu mmtmmzi ■. ltDnrnm^h-o^^m^^mtLx^^titz^o 
v$>6 0 ttz, B&zntzmfc+mtmmmottfcWffr* mr. rin vitro 

^W;UXJ £t>(,^) £!#i^fi$&?£K<k { 9^iRU W^tl/cin vitrei 

vitrei -f ;UX) £i£l£Wft&&i£{rJ^&lft;U iiiR^n/cin vitro^^yUX 

>/^!If ©M^Ifc£;Wiig c i^EHJ L/co £>©fti mux 

Ulf btl/: & ©T& 3 o 

mmm^-tz? y^twnzizfr, mt&wmtmts.* 

*&W<D&£ U ftti\ W®3'«W >'**@SS©C5MS<i:3&< 

#W&£LTfca±£©#Jfo#tt$H^ &<>\ * W^M©C«<h5$^&^ 
?* £&$^©3' 5fcSg# kz=L - p -7 «< •> >T* £ ±£©#Mftt WfiHJt $ n -5 o 

RNAA^fcSiHE^^ DNAtRNA^yiitiDNAi^Uxf-l/y^iJ 



WO 98/16636 PCT/JP97/03766 - 

- 7 - 

RNAfr £ £ £ X ^— 9" - t £ ^/v X cfc l\> 

1f-tRNA{rttJ£?-sra©DNA£X^-1f-£^UT^&U (b) ?#£>ftfcDNA 
j®&tt£3£¥LTRNAK:U (c) ^^n/cRNAOa'^fC, T^fifc&S^tiT 

^^^ftU^©**^^ (a) jfcjfcn K^fcfctt^aMS**^ 
<frDNA£fMcU (b) ftjjJcUfcDNA^K^LTRNAKU (cM# ^ft/cRNA^' 
*«fl9KDNA£RNA©*^7©X^-if-£&&U (d) $ ft /ciglilitt: 

©3'*MJ{r, 7 $ yB&SWiT $ /»K:«MLfc<fc^«£#&*W*S&» 

£WlT3W£&MU (e) #btl/c^^mRNA<i:UTMI&^>/^®^ 

*frf*££*4m<fc?-s&fc^<t&«s©**^^ 

So 

»£ft-5o 

d©f&iJli©JS!l©filffiKJ:*K (a) »it=» K>£&fc*£t,^ifc^£i.< 
WA^Ml, (b) f^U/cDNA^ifS^LTRNAKU (c) # £ftfcRNA©3' * 
SfiffiiJfrDNAt^Uif-lx^^'J rr-;l/© + /5©X^— 0— fcil&U (d) £^ 
K#bft/c$|£#©3'«#Jf:\ 7; ygfc&Sl^tiTi 7 L^bMjii 

U/cYb^«|&^WrSW^MU> (e-) Wt?tltz&%tifo£mMhtLXm 



WO 98/16636 PCT/JP97/03766 - 

8 

NA£fftfcU (b) f^LfcONAS-ft^UTRNAKU (c) # ^n/cRNA©3' « 
fldt::x$$l©DNA©x^— tf-£&*£U (d) $^{c#b,ti/c^^©3'^MJ 

f^a^l, (e) *§t>ttfciite#£nRNA£ UT«fflI^ >/^M^J^T^ > 

X^-1f-©&SE#J£*^irDNA£ffoifcU (b) ^U/cDNA^iK^UTRNAfC 
U (O ^#f,tl/cRNA©3'^MJ(l. T $ y»*SCMiT $ y|i:»L/:ft? 

SMLfcft¥#i&#l&£Wt-*«i$?*££U (d) # t,n/cRNA©a^©itfe 
^#©3' «fliJ©^#K&££©PNAl£ fc(2DNA£in;iTX#|i£«£-t^ (e) 

SffiflOlgt, «X^tr J: «9ii^^ti^^0#^^ : ?-©:iffc-F-» 
itfc7-£^trDNA©3'«#J^ 



WO 98/16636 . g _ PCT/JP97/03766 - 

»Zj»K^IS\ ^-ig^^T'^t»n/cM^^niRNA<i:LTMI&^ >/<? 

t;DNA*RNA»ceaff <E¥¥®!T»"s>ftfcRNA©3' fctfHWKDKAiRNA 
O^^ 5 t> U < l*DNA ttf 1 ) xf - U>^U u-;KZ>*^ 5 & U < (iDNAiDNA^ t> 
/«£5-*fflt> L/ < liRNAtJEfc©'^?- K»(PNA) L < ItdMfr 

zaftig r i w*7 um^muLtz^m^w^^t?> 

#£mRNA£ LTMM* >/^§f-£/££T* >/<*M-kj££tTl \ it^^^^i; 

% * tc i* * y> * t K - $ smb sf m £ n * • 

anaii^ itfc^aa («#o twm ©mft^sws*^ 



WO 98/16636 PCT/JP97/03766 - 

- 1 0 - 

K$3gii*> mfc+mtmimottjfcwm* an vitro^-r;i,x) mmotf* 

? Wt U y >tRNA<t-^{C^:MMMiR^TS5IR Uc&, X b Vf V 7 )£ : J 

4X#'J7*U/U7$ K€^» (8M£*#£T) ©MJ&T&S (&ft(i$&fe) 0 
L/->1 liaif^-OX^--^-©*^ (255-306&X) ©t>©> U->2(ibii^> 
©X'*— 9--©£3 (102-238^*) ©fc©x U->3(ic®^-©7>^— 9— OS 
* (0-85»«) ©t>©T£>£ 0 

Sl¥KT£>£o U-> 1 >/**»© 4 U h°- Mg«*3- K"f £mRNA£ 

(iMNA©3'»(rt 0 i-D^-f fcosup tRNA£ig*£U d©nRNA©5'* 
Jft£["P]T7'<;i>U «Ittffl!RlTil?l/;lft0> 18%tf'J7.?>J;u 
7^ Km^&fj (8M#*. SDS#£T) ©*g£Ti&5 0 

Sci?KT*S. 1 (i^^^>/N°^^©4 y t°- K-TSiiRNA 

2 li^mRNA©3' JMBfcDNAX^-IJ--*^ Us 5' *Sft£ [ 3 2 P]T 7 Ufc t° a - 
pv^ v>^ig^U^mRNA^»»leBMIR^T«U/c», U-> 3 Jib 
- > 2 ©®]iRjg#£ 'J * t/7--fer'T2T#Kt Ufc *>©©> 18X# 'J 7 ? U ;U7 
$ K«»fcir (SDS#£T) ©*£*T&*o 

W^mit, $|g|0SM ig® (in vitro? -OkX) © 

«;£}£©-#iJ£/Tt 3 o 

H9BUi N tF^-)^^^S©N«^ (1-165) ©C5fcjg^©rCpPur© 



WO 98/16636 ^ l PCT/JP97/03766 - 

(1-165) £3- K-T SniRNA©3'^4g(C, XFy^ K>£ t>-o*rq)NAx 
y--M:kfcttl*t>© ^ X h y7°:3 K>£DNAx-^-1f— © 

M^£*>fcttl>t>© (£fr£2#g©U->) , X h y7°:3 KXik^ttl^DN 
AX^-f— £*>ofc© (£^£3§g©l/-» ^-efteftlgfgU 32 PT'« 
UfcrCpPur#£TT7lf«tfc»^ 

f$miRZftt>iktz 0 «g$Jiill.25!*> SDS-PAGETfrlTrUAio ^iS©L/->(it 
h*-7* >^@©N^&¥# (1-165) £ K-T 5mRNA£[ 35 S].y f-*.^> 
#£TT± £ ft D&#TTi81R £ ©T£> £ 0 

^1 0E(i. ftIi8SI?lT'<Din vitro^-r;l/X©M^^t- «m»^T 
£>So (A)(2in vitro? ^^©^©B^M^UT^So t K?*7 
^M©N^¥^- (1-165) £0- KI-^mRNA-DNAX^— (105 mer) -^7° 
f- YTZ-ff? rCpPurfr W5yM^[ 35 S]^t-> £-£t;7 ^ ^ffltt 

->X (5$K 10#\ 20*h 40#) HKfco «[j»lill.25»5 SDS-PAGET#0rLfc o 
^©b-Xit h*tf*>/**K©N#i»¥# (1-165) KI-SRNA^-uR 
NA<fcUTffll\ ±tffi\^kftTV[ 35 S]J i-*->(D? W<?W^(DM>0&fr% 
m^tz&W&Zo £&T§©b->(£ 32 PT^ifc£tl/cin vitro«7-OUX4V AT 
(B)iiin vitro?^ ^X©M(C^j"f £in vitro£>f ;Uxy / A©28g© 
f£#£^UTt>£ 0 U->1 (i^VA©3'7(C^[ 32 P]rCpPurT7^;l/L^fc©^ 
P->2(i^VA (1.2#g) ®3'*ffiK:rCpPurj&<o^;fcfc© N l/->3(i^rV 
A (0.33 jug) ©3'^KrCpPur#ot,Vcfc©, l/->4JiyVA (0.64 jag) 
©S'^ffilCrCpPurA^^fcfcOT&So l/->2~4fcU 4V A£[ 3 5 S ] / =f-* 

$-trfc 0 SSIRM/^ 11. 25% SDS-PAGET#WLfco 

mi 10lt llM^t®in vitro7-r^X©^^/7^-riir^j<S!j^T 
£>3 0 t h*<7* >'*?@©N«¥# (1-165) £3- Kf^mRNA DNAX^- 
(105 mer) -<7°^ K7*H? 7°^-- [ 32 P]rCpPur^£/j:6in vitro<7f;l/ 



WO 98/16636 PCT/JP97/03766 - 

»«11.25X SDS-PAGET##r Ufco J I*b.$ >'*j7'M ( Z>%ai3lH~$'a. (mung 
bean) 07 * 1/7— tfTiB-fb?-* d ifCi oTffigSftfco 8S!Rj» (U-> 
3) £^*!a©;* ? l^-tfT'^Hb-f th^^^>/^S(ON5M6^ 

(1-165) (D^ey fcfflsr 5ttttK><> K#mfrtt 

/c (l/->4) o L/->2« 32 PT«$n/cin vitro* >T / A"C*S 0 
mi 2HH\ in vitro^-<;UX^ffll>fc^>/^®Oii<b^^OXfI^ 



^MSKfct^T. tXofr©flijfg£flH^fr\ .1 CI Tffl £ £ *n £ ©ffir 
fg{ift©;i!*£Wt-£o rtlSJ RNA, DNA, PNA (Peptide nucleic acid, 

^7°f- hit ; #gfcE£*<7 ^iSW^lTo/j:^^;!^) &£©£ 
1/^-5/ K*SUi K(rML^b^it#IS^W-r^W© 

^E!*-r^o rU-7°WU--tRNA (sup tRNA) J iii, mRNA±©**itn K>£* 

t>Mft£ U< (il00~1000A|gS©^^@-e*n«M^^#JT^oTfcBi 
t\, ^ftftKfcU ^&£fc[i£fiS©DNA^RNA0— DNA<hDNA©r.#0U RNA 

m^vmfrnn'p. ^uxfu>/ij3-;K 0£u<<i#-pii:3.ooo~3o,oo 



WO 98/16636 . j 3 . PCT/JP97/03766 - 

So 

7i K^^W-TS t?a-PV>f •>> (Puromycin) , 3'-N-7 ; ; 7y^t° a - 
D7-( , >>'7; J 7-9 l/^i/ K (3'-N-Aminoacylpuromycin aminonucleoside, P 
ANS-7 x tfiJ/Ui'T ^ SWt&Wy*) v >©PANS-Glys /<»J >©PANS-VaK 

T^-^OPANS-Ala^ <€•©{(&, £7 ^ J ^fC*f0-f £PANS-£7 W $?^iJ#J-C 

tf^i/jum^m&btc&gj&j&ztitzT i m&T^tifrvtzz' -k-t * / 

T '>^7ry *>>T^y^^U^"i / K (3'-Aminoacyladenosine aminonucleo- 
side, AANS-T „ i J WiWf 'J 1/ >©AANS-Gly, /<U >©AANS 
-VaU 7^-^OAANS-Ala, %(Dm, £7 % J 8fcK*fl£-f3AANS ±7 i J 

^<h^ C2) M^ch.?>^jf 

9tt\ (1) Wi^w^I^M^WSWti^ico^t^^o 
Cl©#j£K:fc^T(^ (a) ilicT-^'ttfDNAOS' JfcJUMKsup tRNAKfrJ-fSf" S 
E3aj©DNA£X^-if-£^UT£il£U (b) & btl^DNAiSI^^:fe^ LTKNA 



WO 98/16636 t . PCT/JP97/03766 - 

CU (c) #^n/cRNA©3'^<r N T i ;m&zi,^i.T i ymizmuLtzit^ 

*? y><t%&&%~Q* >'<?%£f&*ftr> C ctKcfc *K (e) itfe?RNA (il^ 

AIM hfcfclhn K>*<*fc<b^»Csup tRNArt<*fo&l/TA'K f> 7 > 

X7x5--tf©fftBK:«fc?K sup tRNA©3'*JSO?^b^-*>K*5lSi5^U^ 

fcfa-avf (&3H) (Nathans, D. (1964) Proc. Natl. Acad. 

Sci. USA, 51, 585-592; Takeda, Y. et al. (1960) J. Biochem. 48, 169-17 
7) RZfMWB (Ferguson, J. J. (1962) Biochim. Biophys. Acta 57, 616-6 
17; Nemeth, A. M. & de la Haba, G. L. (1962) J. Biol. Chem. 237, 1 190 1 1 
93) <D$ y'ttnit&W&MtZZ. kti<%\t>tlT^Z> 0 t 8 *- pv< v 
{iT^/T->;l/tRNA©«iS<»:S<HUT^Tx y^V-ACPt'f hfC^LT^ 
£ v^l/tRNA ££0 U <7°f- Vfr - P v-T v > £ UT 'J # V - Afr £ 
$i$t&fc&^>/N 0 ^K£$#Wr£tl& (Harris, R. J. (1971) Biochim. Bi 
ophys. Acta 240, 244-262) 0 

^-ff^ 7'(native)/j:sup mi&Wk UTmRNA(C;ig££-f sup tRKA© 

fllR-PT; /S&£tRNA©3' «OxXr;HS^0to^© £®M 
J^fc^fflWTIifc^o CtlST\ tRNA identity©W%T*W©tRNA^-r > 
KintacOfctRNAil^tfcKTS /7'WWb£ft*C k*. 7 1 /7WKb£ 
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(Shimizu, M. et al. (1992) J. Mol. Evol. 35, 436-443) 0 ttz, sup tRNA^tf^ 

•f tRNA© 7 'T-r^fM -f^r -mm^tixi^o 

3 K>WlTl^l^ i^otl^ (Tamura, K. et al. (1991) J. Mol. 
Recog. 4, 129-132) 0 U:^-jT> 75->©tRNA©7 K>^^±^ K> 

(#Jx.{^ 7>'<-) i:tx.5<!:> »it=i K>tC*t0UT77->©tRNA (sup 
tRNA) *^«9iA^n^C<i:^#T^5o 
::t«i:/i50^ i§a©tRNAi:g/<£'K RNAse ?t££iz& ^T5' IJ^I 

^nr^nanRNATk y*"y-A©AiM HcASfri'-^T&s,, :nw 

Brome Mosaic Virus (BMV) ^Turnip Yellow Mosaic Virus (TYMV) (i N 
©3'^WtRNAMat^UTfc^s 7^ J 7 >;U'> >-f^ — tfKJ: <0 7 i J7v 

li^Z (Chen, J. M. & Hall, T. C. (1973) Biochemistry 12, 4570-4574) 0 BMV 
ORNA^U^y-Atri %XkWO&£tlZ>tet>tf, %'%m^>?9 h (intact) 
tetRNA£ & r> fcRNA/<£ t> (i\ *>9 4?U3&$&< ASTOfe^&So ffiK. -f 
^ KcmNA©10%&T©#j¥TM&£ft3£LT*>. M^T' -h^K U U- 
X7 7 ^ ^-(Release factor)<!:©jB#K»T*ttfigtt;&<&*o 

*ZV* mRNA-sup tRNA (mRNA©3' #Jir X-^— UTsup tRNA£ig&iL 
fct>©) ©3'«K^ W?^®*^$*5H»©itijr, mRNAitfJ^HLfcsup 
tRNATfc 'J *'V-A©A1M MwA*K * >>**lf ilS^I-Sfr^J&^W^T 
❖ /Co sup tRNA©3'^Kt°;x-PW ->>£^£*!-/csup tRNA£U! 

«U CtLZmm®.? >'<?M£}&%^&AL, sup tRNA2B##'J*V-i*©A 

NA(i^^7 • ?>s<?'g(D4 >J t°- h^g^Sc (127^) (Goedert, M. (19 

89) EMBO J. 8, 392-399) o ^©,^> MM^t >/*?&f&%Tmnt$it t^5, 
3'M(rt°i-DV-r ->>^fcosup tRNAte'j tfy'-ACAl^ h©i^3 K> 
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mRNAirsup tRNAiOHOX^— tf©fi$*gg^LfcRNA-sup tRNA36fefl:£ 
y**7-A©AlM HCsup tRNA^^mfc^a<K0ii^n-5X 
^— !J--©M©:g£^ in vitro-bU^-> 3 >j*ir«koTa^"TSK**Ufco 
<£©&JII> tf-^^fcoRNA-sup tRNAa&tf:a<*©iBiflg&©* 

$^©itfeT-iychgM©^#^^^^-r^fctofr(i, £r®»8B© 
3' S . 7 S y K* 5 Wi7 S y Uc>fb¥$ai«£Wt 

Uf§^ 7 ^ b^v/ K*3 Wi* * M"> KKS<ttUfc-fb3*«&# 
MlftSttS, #<J*-(*> 2'-x^^'>v/f-> f ';;l't 0 ^-PV-rv'>(dCpPur)^ 
'J^f^t^-ov-f ->>(rCpPur) (£3 0) ^Mt5^^'*-5 0 

dCpPur^-^^-T £ #&©— Wi&©il 9 T & -5 . ifta-DV-f •> >©5' 7.k 

'>Jfrfb 'J ><t u >K h U y f-;u*ffl^T<t^»t= U >®tfb-T£c id 

•?^>>-5'*y y h y yjutummt h y 7^0111*1^;$ 

©7 ^ 'J *'-X^©5VK^^^L/cBz-DMTf r ^^^v'f-> ? >«^J, 

WfrZZ £K«fc?K 2' ;Ut°^.-D v-T ->> CdCpPur) j&<®£ 

n^o dc P Pur©5' y * * u*^ k+^— f^T y >m<t-rz c t k «t 

pdCpPur£#£Ci:^T£3o 

y^i/^^;Uh° i -DV^v'>{it 0 a-P^'f'>>i:^^X©ol>/crC-^ 

K«fc»)o< * *„ 

M^W^^frfflt^^^^«-r5ii^ci:LT(i. 5' T7 

7 , D^-iS«->H>' *OU#-yE?iJ (SD) TO-mRNA«-7;^— If 
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--rM^-sup tRNA®«- t^-pv-f i/ omi^tefr^tzMmitzm 

(Goedert.M. (1989) EMBO J. 8, 392-399) ©a«Mt'fe^4 U 
t°- b«£T7:/Pt-*-©Tfe#ALfc:/5X = K (pAR3040) £«&U 
^ft£$iJ«fgBglII£BamHIT^KffU S^DNAir-fSo C ©DNA£$M(;: LTs 
T7«£^£;±»J (forward) £SD«M&n F>ft£©^^t^TMJ 
(backward) ®^7^v-^^T> Taq DNA^J ^ 5--ferTPCR£fr{, \ ififitr 

So 

C©£#> backwardCT'^I'v-Kti* >/n°?M£/& L/c^ >'<?W®(D1& 

*^>K*&-r s 0 ssi^$n/c4 u t°- b*>s*?mi.&T&4m<D/ ; ?-* 

— >^tSo forward©:/ 5^ v-i UT±E©backward©7 e 7 Y "7- £ 
mmm^m\ backwardOT^'fv-fcU U t°- b©C^»jh3 K>£UT 

- h^£^)M£»§!!<!:UT> PCR-TitHI" S 0 
PCRT'itfligUfc-o©DNABfrtf\ f #fr-kT77°D*:-* - £SD«£f frDNABff 

■g\ ^{CT77 p o*-^-©@fi^lJ^'tti7 B -7-r-7-^forward{r, 4 D h°- h« 
©C^©^ih3 Ky^frT^v-^backwardKJfn^ MPCRT^iUj-r So 

C ©DNA^tt (T7^Dt-^--SD-4 U t°- h) fSjffifr & 
Ol7M^t>^S~*»A»fit^DNA';^— \fT$> yxAlCigfc^-tL X^-1f 
-©M£©^SS;&ift£o< So 

m£&. #UT^ 'J^7$ Klt^&fj (PAGE) d J; UTH^® 
# (a, b, c) {'^ll-rSo X-^-1f-(i(17)nT\ ai®#<in=15-18, bM#{in=6 
-14^ c®^(in=0-5T^S o sup tRNAIi, ^©7^- >tRKA©^^i5r©S£^J £ 

T>f-^ K>©ee?iJ^7>/<- (uag) c^ifc^c^b^ia^iit 
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£ 0 CCDsup tRNAKX'*— ^-©^©-^ft^a. b, cM#©ig!£tt£T4 DNA'J 

ummft&ri rna# u y 5— tf^ffli^re^u rna©^^o< 

£ CDRNAii^©3' ^KftKrt^JSR UfcpdCpPur£T4 RNA U 

AJIifeflc. 5'-T7-/D^-^-M^-SDM-4 U t°- 
sup tRNA^^c -ea-DVf'»-3'*l»SIimS, 

>/**K£JBR3&> #J I* *fl§® * * -9" 4 s «gi*>M.S£( rabbit 
reticulocyte)agO&tt* >/N°^^^ttffi^(C±iS©RNAiiM^^mRNAi LT 
tiafL9>'*9n£f& l %fT5o MM (RNA) <!:*>^jma<:ft 

"T =8®H«SX^-t-^ a, b, c®#£&o±f£RNA:i£;f&{*£ii 

'jy>i;^0£-7;y LT Ltz&tii V > £f- + - : J L 

fetRNA*ia^5i^ H*RSftfc4 y t°- h©^>/N°^®©^<o^©«; 

&f*£B (RNA) ^t° i -Dv^-»^Uj' >'< trgtfitfimteLTl^tili. 
*>^@©C«K«gfl (RNA) A<o^Tlr^(i-r-C*5o t"- X*TR 

- h©N«^^{C^-r-5K?iJ^forward7 D 7^-7-(r, sup tRNA©3' *SSSP 
^•backward7°7-rv-(Cffll>T^ aJME¥£m\ #'J7*>J;I/7S Kfl£ft**S&T 
SJ'**^ cj®#©X^-1f-:S©&#$£¥;*ftfcDNA©/<> F«^^o d 

©c <tte N cig^©x^— y--m%b'3mkm£m<M < * >'^«<t 
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(b) fFJjlc l/fcDNA£|£^ UTRNAlw (c) #£ft/cRNA©3' *MJi;:DNA£RNA 

©*;< 5©x^-f— £g*su (d) s&K-eos'^sfiMWJKx twk**^ 

k* -s ^ * u# •> kksih LMt^mm^faZfit t° * - p 
vfv'vfcjgfcu (e) n^titzmmw^mtLx, ±tzmmm.?>'<?n 

^ (f) mfc*mtz<DMmm®<D? >'*?ntib< j ->>^l 

KK£MUfc<b^^»fe£W-f *&ft> ^tft^-pv-f 
7-A©A1M Mr N 'J^V-A±©niRNAO^jhn K>K2*JE&UTAS©T#<x 

JSKcfctK RNA-DNA+y 7MM03' 3C4g© hT*-D v-f >'<9&t<t 

-i'-^-y + 'f > • *oi/#-/ge?ij (sd) ®«-mRNA«i«-x^— y-~sitt 

- h!ilRTO©^OST©ig^©fl|^(i^ Buffi (1) «&©&■$? 
^©iiMft©1i^©<t-5T^^}*(r^«^\ ^9 iC^iiluieT^L 
tzmm£mmKlT?CKTm%tZ>mz, backward©:/? 'Tv-lC 4 'J t°- h 
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OC5iaSO-o©»jt=i V>, *—h- (CTG) tT>y<- (TAA) £*ft*'ftCA 

zodMQ&fawzmmzLT'n rna^ v^-tf^^Tte^u *f/£-r-5R 

NA©g,1&#£o < £ 0 C(D-«©RNA^^(r^^U/c-*IS0DNA'J 
- (it:g2(K 4(k 60, 80^^^f-K) £*ft*'tl#J*KT4 RNA 'J # — -tf'^r^K - * 

/j:S-«©DNA-RNA+y 'J l/^f- K (DNA(i21?iaU RNA{*4»«) 

^•SfT^©-^DNA#^TT> T4 DNAl) V^m^Tm&^h* 

17* K7^-lr7 B ^-©@e?lJ(i^ 7^;UtRNA©3';£^g£?iJ£#UTfc^ U 
*'V-A©A1M K^©t°^-P^:>>^##©$0&^£$iS£tf£&©T 
&£©T\ X^-lf-^i t o rL-PV^>>^J££©P B ^::^7 0 f- YT9-&79 

d ©^£#©3' ^iffiKftK-ffc^JK LfcpdCpPur£T4 RNA 'J 
irtri: M«©* >/^!S^J&£©itlE^<h UT^9 - £©-C££RNA- 
mh*t S'-TTyp^-^-^ (RNA) -SD^ (RNA) - 4 V t°- h 

H$ (RNA) -X^— 9— (DNA) -17* YTZ-&75>— gB^-t°^-DV 

y >-3' £ £#T'£ £o 

±E©RNA-DNA+^ yM&foZ&fc* t UT> BuIfiMIl^ 
/B^T* y'ttm&fcZftZ-tf, ®WlU (RNA-DNA*> 7j£*£# ; MittM) t 

ttz, ±E*j*tr*i^T> DNA<hRNA© + ^5©X^— if-©^^«9Cs DNAi 

ifE^f&Kfc^T, DNAiRNA©^^ 7©X^— 9— ©tt^^fr. 
DNA i: DNA© -$11, RNAi&HI (#J;Ltfl5~25* ? l/jj-f- KSS) ©PNAtfcfiDN 
A^b^^Zl$ii©X^-f--^ffll^C <h#T£3o DNA <tDNA©.r.$^ t><£ 
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ft, M^iiOttaS^-^ttTffioSB^-^tt) T&fttfckc \ RNAijgfilop 
NA$fcJiDNAfr&tf*-#«U^-if-fcU (a) ^ih <b 
X^— fr- ©£&E?iJ££^£/DNA£ffrj$U' (b) ftfiSUfcDNAfcte^LTRNAK 

u (c) »e>n^RNA<o3'5M»ffltc, y»*s^{±TJ y»irs^u^b^ 

SraLfc*b¥^#ft£W?-SfcK&aaSU (d) *»&ftfcRNA©j58£#ffli!MS 
^-gp#©3' *MJ©g&#K&&t©PNA2 ^(±DNA*Jnx.Ti:*«a^fi6$-a-s C £ 

tt*>\ ^waiSKfcttSx task mmom^s «©-£•/&. pcr, 

t) n Samrook et al. (1989) Molecular Cloning, 2nd Edition, Cold Spring Harbor 
Laboratory FxesaiZtSMMmttHt^tacm^iZ^^X Qffo d £*<T& So 

*wm9 yttmvmt'mctsmt, % 1 2 bk**- cd in vitro 

r>-T ;l/xyy A©«jg x (2) in vitro ^I^X©^. (3) Mfc^D-trX, (4) 
g£H#A, (5) ifipSx ©XgfcStrfftfcT* cft^xjgKj;^ $>st,> 
M:£ft&©xg£#3^;:jfci;T&»)&Ufr9 c: <kK«fc >'**©©&£ 
&tfM>6Mfg<t&£o c©rt, (1) (2) ©X?I{ro(,^(i±,E(r^L 
fcWf&frfeKftoTfr? cij^-e^So -THt>%. (l)oillix 7 * b*-> K 
&SWi* * U*-> K^^U^b^M#*S«-r§«©^L/ci£^© 

mm^m^u (2x0111^ %m&&fcfr*(Dttfswfft*®mi&izm%+z 0 

fl£oT> :;t'li (3) s (4) RZf (5) ©XgfCo^T^S. 

(3) ^7°P-t?X<!:ii> in vitrotf >f ;U*£*gJS-f S* >'**®8B©tSfil (£ 
feStt) fcfffiBU SM/SttK&oVTin vitro £>OI/X 

II*t!lt5. Cl©«fc9#Xgli&*nT&?K ^J^.(i\ Scott, J. K. & Smith, 
G. P. (1990) Science, 249, 386-390; Devlin, P. E. et al. (1990) Science, 249, 
404-406; Mattheakis, L. C. et al. (1994) Proc. Natl. Acad. Sci. USA, 91, 
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9022-9026^1:1 tlX I ^ o 

(4) mmmARlt (5) ^©XfitCfc^T. »£ft*:in vitro^-OU 
X(Dmm^zm^^A^X?CmTm^t^o CCT\ in vitro*}-* /UX©M 
»'RNA©J§£(i, &fc3$mm^ ct ?3 cDNA££j£ Ufc&K^HOg A£*t;U*& 

TO ^3 Error -prone PCR (Leung, D. W., et al., (1989) J. Methods Cell Mol. 
Biol., 1, 11-15) -^Sexual PCR (Stemmer, W. P. C. (1994) Proc. Natl. Acad. Sci. 
USA 91, 10747-10751) £ffll^T&#jC*T? C £/&"<T£ <5„ 

^.m^A^tl^^titzin vitro^;UX©&$?gl$£ffl^T (1) in vitro<5 
-OUX>rV A£$^U ZtlZm^T (2) in vitro^;UX£^£-fcrT (3) 
Mtk-7n-tXiM}BifyttZ£.®l?£&K X^XMiKU (4) %.gmARZf*& 

MZfTicbwvsZo znzcDjLMZi&mizfckxmio&tz tn*^ mm 

7'y 'J -^cDNA^7*7 U -fr&mRNA^jfc U in vitro^V SIS, 

R0, (2) mmu^y^^w^fm^MmLx, rnktznizmfctz* >'* 
tntzv #v-i>±xmmuzin vitro? 4 jixzmmtzxmzsv* 

(1) ©IgfcU i£?"jmn©DNATORF(cm-r^ra^^t;cDNA^i^iJ*^© 

mRNA^JSU in vitrei >T A^fl|3g-r<5C itrffi^-f -5 o 

±15 (1) ©in vitro^-OUX^V A©|g^£ s (2) ©in vitro£>T/UX© 

£/c. W^^O^a^MI (DNA£/c(iRNA) iCffllftf? 
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DB^Stfe^Xgli. —jRKMu (3) (2) ©XgTttSSStlfcin vitrei >T;U 

x©+^e»#^©at6*fe-3^>^°^©©**a^5xg N (4) auR 

(3) ©XgTIi^ «W©* (DNA£fc(iRNA) ^tiij©t/Sf> 0J 

^UT&^S-frTfc^ dtlK (2) ©XgTflBgUfcin vitro^ JlX&1)UZ_, 
$>Z>i&m&ftT\ -SWRjEfr^-arfc^N ft&U MKM^UncCvin vitrei 
<Ol/X 3 o *©&> fcWKfe^Ufcin vitro^;l/X£M£-£3 0 * 

Xg(it*TK5lA£UTl , »£E L I SA(Enzyme Linked Immunosorbent Assay) 
(Crowther, J. R. (1995) Methods in Molecular Biology, Vol. 42, Humana Press 

(4) ©XSTlis (3) ©XgTiStibfein vitro£>f ;U*£j2£e^PCRK 

*©E?>j*fc:rrso 

J5EU in vitro^ -f;I/X>7-V A£$|^U (2)^tl£ffl(^Tin vitro^-f;UX£ 
«B6U (3)in vitro-} -f ;H*©*fr££iW0* t^(iM$><50(i 
fft©&®. ^:<h^(f«l® J f>flg!S/j:ct'<i:^-r^fc©©^^«L. (4)«IU*: 
in vitrotf^UX^iiME^ ^d-->/ n ffi^Jfcjrf * £ tsr J: 0 „ $S 

±£©ffl5flUfl©*fe5£:£ife£fi : -3 fca&Kx £&©;@^m L £&L^£fc-fe!rTg 
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ggMfflJl In vitrofr^;l/X©IlI!i ( 1 ) 

< 1 >mmuco?> ^sc©« 

(a) 'J >jttfcfc e ^-PW->>(DPur)g>£j& 

It #4 : b'a-P70V (3'-[a -Amino-p-methoxyhydrocinnamamido]- 
3'-deoxy-N,N'-dimethyl-adenosine)(i v'/v^blAl//;. * * •> *S -f b U > 
(Phosphorous oxychlorideK U >^ h 'J ^ f" ^(Trimethyl phosphate)(i^^fc^ 

1.5 mmol©;t*v'£'fbD ><tll.4 mmol© U >M h V ^ ^£*g£ Lfc 
&$£zK#U 0. 3 mmol©t°i-DV-r CPuromycin) £Jn;iT J: < 
0°CT7B#P^ixlS^-y-/c (Yoshikawa, M. et al. (1969) BuU. Chem. Soc. Jap. 42, 
3505-3508) „ zK£Lfc40 ml©7-t? b > £20 ml©^- tVU* UTO. 4 g 

7-^ (NaClOO ®m&mKEfc®.Z1}\\A.T&<ffiW[stz 0 720 ml© 

*U D >®{bt 0 a-07^ ^^t'a-DV'f -> UT70--90X©JR$Tf§ 

(b) 'j >iSfrtfa-p^->>©r-fc?-;Wb«g 

TO: M7;M-p@^ (TFA) lit^f-ffX^bllAUt, HJ 7 7l/;t 
P^®H7K^ (TFAA) (ifn#M^«AL/Co 

0.2 mmol©»L/C>l 7$Mfc t° ^- a v-f > > t5 ml©TFA£2S^ U 

-io °ct2 mKDmk^m^xmwbtzo ^-em.&Ltei)<t> imwxfczittz 

(Weygand, F. & Gieger, R. (1956) Chem. Ber. 89, 647-652) 0 50 inl©7.k£#D 

*.t£j££il«>> 7jc(io ni)£to^Tim&Tx~mm&mtz>mft&5m%*)& 
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>r ->>©t ^ j mucoT i ;mt u *'-x£B©2'7j<8?2££7-t?^/u»-cfs^u/c 
mz 0 

( c ) dCpPur (2' -DeoxvcvtidylO' ->5' )puromvcin) ©•£•££ 

: BZ-DMT-r^-^'> ->^v?> (N^Benzoyl-S'-O^'-dimethoxytrityl)-^- 
deoxycytidine) \ti/y~?frt>* DCC (Dicyclohexyl carbodiimide) IZMdUk^'-fr 

2ffe:40 ^mol©T-fe^;UST^Lfc'J ^^bf^-DV-f ->>i600 jumo 
l©Bz-DMT-r^-^->->f-^>^t°'J ^ >(2 Bl)*iPX.T«iSE5&jKH*-r-5«f|J* 
3EHfeOjgt-C<i:ir«t*34lS*YbU *fcffif::2 ml© t° >J >^MA.s CtU~m 
//raolODCC^WU^^t>fe> gST3B~2i!P B TOi>£-ti:*: (Ralph, R. K. et 
al. (1965) J. Am. Chem. Soc. 87, 566 l-5670&tf Harris, R. J. et al. (1972) Can. 
J. Biochem. 50, 918-926) 0 RJ&&> 5 ml©80 Xft»T2 DMT& 
£MSSUfc 0 6 ml©»7>*-77)c-x*y-4> (#»Jfc2:l) T20°C 

T2BP E 5£l££tfT7*3 L ;l'g£«igU/Co METT'?£fi£$-££ CI £K J; 9» 
7>*—77jc£|$*Ufc&40 ml©7jcTSSF#PLfco d ©fl£&£QAE-Sephadex A- 25 
(7 7-7>>7) #a«Ufc#7i>fCffiLT(R*£-£x 0.5M Mif-;I/7S> 
ift»ig(TEAB, P H7.5)-e0fS©«tl^i;7 5^->3 >£*&fcti£-fe^c&, $!& 
ftiftU E&WKHPLCTfl-ISU flft^U/cdCpPur^t^-P^-f •>>{::# LT 

< 2 >&i&gfi (in vitrofr^l/X©^ A) ©M 
In vitro^-r;l/XyyA<?:LT2«®^U/Co (1) mkUtf 

y>*t%%*%&ft%m^ft\1%iz)b(b\>Q>t^ (2) WW 

^»^Jt^W^o^it*^y-cfc0t©T*^ o 

M : AH®©MJiS^ W^K'S'fiR^ (£. co£ S30 Extract System for 
Linear Templates) (i7°P ^ #fr £>B$Ao T7 RNAtf U / 7 — tf* T4 DNA 'J #- 
-fer\ T4 DNA*-*— V\ t MfeftSfcy ^7--ferPl^#k EcoRK BanHK 
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-^f>/7>K7 7>biAU:o [ 35 S]>f^>, [7- 32 P]ATP(iT-7-> + 
A, Taq DNAtf V ^ 7 -TO* 7 £ **5-f ^-© t>©£<£ffl 0 4fe©-f^T© 

(4 U t°- h) »^/;77X; K (pAR3040) (± N AZAPIIfr* 

p-wk^n/ct hf^©cDNA7Y7*7 u-^^t b*->* yttmo^&mtt 

CRTiSMIUTT^yU Kfc*a*&/kfc*&<Z>T*>*o PCR (Polymerase chain 
reaction) ^g(i, PTC-100S! (MJUlf— ^) drASTEC PC800M (77fy^) £ 

(1) MMIftlI^g?t&fcfc<Dy MOM 
A. g%4U H&frODNAfEjffi 

1) h h*^*>^°*!S (Goedert, M. (1989) EMBO J. 8, 392-399) 

ffl& (4U t°- h) &&&&A,K7yXi K (pAR3040) flffgU *ft£f|iiJ|EBm 
Bgll I iBamHIfr J; o TSJWr USfcttK L fc 0 

2) Z.W J Afrt>TT7u*:-?-mi&RVisv( >*Ok#Vffi#J££v<,fc*4 'J 
t°- h$#£PCRK:«fc~>T*i*iUfco ^-f^-iUT, 5'«0(is Left+ 

(Eyys^i) tymmight- am&m^ ^ofc, Right- ©se^m 

oTl^o PCR&#1;U »92'€/30#> U > *65r/30fc!\ #^-£073^/ 

l^T30tl]^f9SLfco 

3) ^©^iPIL/c^fV /t^^>©M^£:-£< L> $ 

^m^1}U^.tz^m^^ts^y << -7-Left- (E?iJ#^3) , Right (@^ij#^4) 
££j&U ±!B2) ©DNA^^MiUTs 7°5-r^-Left^ Left-TPCRK 

<k-?TifitiIU «^tl/cDNA^ TLeftJ tbtz 0 IT 0 ^ -7 -Right-. Rig 

ht-TPCR(rj;-?T«U »£ft*:DNA£ TRightJ tLL 5%7?'J^7~ 
K^tt^Vumm*Sf^ & 0 TLeftJ . TRight-J HI Uft ffl Ufc D 

#J*3fflUfcLeft<tRightli N £f\ 75^-^ LTBiJft©&#TPCR<:: J: oTi| 
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ipIUfco ^bfr N Z(Dfcfcfcfrt>lvlW!lLmmtL, -fvJ v-Left-, Right 

B. tik*tl&£(DX'<— ^^Q77~> - •^7 p U»y»-tRNA (Al a • sup t RNA) 
04 'J b°- hgfrft^©^ 

1) ±EA©4U t°- h^03'^OU(r^SBamHl^ti^BainHl^-pT li?JW 
SU/Co *©$L BamHl$ft©3'#J^K-©l&£©/c&(CQIAquick PCR Purifica- 
tion Kit (QIAGENIS!) ^,T, 5 , '(BiJ©4'; t°- hM-©*£ftJik ^L/c e 

2) ±E1) ©M^^'M™*^-- tf-C'J >$KtL*:Spacer-A (ge^ij#^5) 
£Spacer-B (K?iJ#^6) iZ&^TMn^LU DNA U fT'li^ $ ittz 0 

3) T4**— Ift'U >^kL/cSpacer-C (IE?iJ#^7) (tCftiM^illtefe 
oSpacer-B£T4 DNAU if— If^^TliLf:. 15"C. 2B# FB^tc^iir/Co -£© 

4) ±IS2) &tf3) ©S«C/Spacer-D (gB»-^8) <h5'#J£U >iftl/;su 
p tRNA (ffi?iJ#-t9) £T4 DNAU*'— i?V<«y 7 t (Buffer) 85^. 2#T 
^tt^-ii:^ 7jc±T^"To ££i:iT4 DNAU # — t?£#n;i"C15 0 C> 2TO&J& 

5) ±E4) Tlf^^^MiLT. 7"5^ v-Left+, 75 -f v-3*Pur- (E 
fllfrtlO) ^$92^/30^ T--U > ^65^/30^ #:R&073 O C/1# 
T30E]©^T'PCR{r c k oTiPIU %<Dm®*T>7 U ;UT ^ K§£tt^umm*kifr 
UT, »ggjt©^^3o©^A 1 B,C^^0fctSUs DNA^JSaiU/Co 

6) ±i£5) ©I^ClA^A.B.C^Iiltm l^^ff-TPCRJCctoTii 

du iim»(wck<9'?-©s$^[ii^-r^ii^of(r, m^mommmtbtzo 

CtlCJ:^ c®#liSpacer-C#0~5, bi®^(i6~14, a®#(il5~18*f A£ft 

C. RNA^V A©fgfi£^i^dCpPur©^- 

±ieB-e#^n/cA, b, mmnitf u ^ ^--tr^i^c. 2iif p^/s^-a-sc 

iTRNAKig^Ufco ±I£<1>M^©3'»©»T# -t>n/cdCpPur 
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Ufc©^ ±E^¥RNAyy AiT4 RNA U 50^K£l5$*A:. 
£©!fcflMIJ:tK 3" ^Kt 0 ^-PW ■>>£#{;)• fcsup tRNA£t>oRNAYyA 

A. gS4U tf- hfflfr©DNAftfflfflA©fEj& 

££4>j t°- hg&#©DNA(i> &#ttK±E ( 1 ) (DKtffi-M&Vttl&LtZo 

«AT»tt3K>*tt<U 3'»^7 p 'J>'Jy^(rich)(r-r^/'ca6ir> 
Iff U ^7° 7 -New/Right- (Efll##10) Z&J&U Left* <fc £ kflM^t/ 
308\ T--'J >^65*€/30^\ #fi£iS73'C/l^T30iao*^TPCRC«fc -sTUS 
J@Urt:o ^©DNA*»SiUTN T7^'J> 7--ff^^37 < €, 2B# ISJgj&S-ti-* d 

B. Spacer! ~4©iiM 

±EATf»fcRNAKs 21*S*fr«S»fc*D^ Spacerl (E3W$#11) „ 40££*ms> 
tt-SDNA, Spacer2 (E?IJ#-£12) > 60£&fr &#SDNAx Spacer3 (g£?ij#^13) , 
Zmm^tiZWh, Spacer4 (K#J#^14) *T4# U ;* * K**~ t?T36 
X\ lffi^^fcl> T4 RNA U -tf'T10°C N 48B#p B TOc;3-tr/c 0 

C. K'f^f- K7H^- (P-Acceptor) ©gte 

3' ^KdCpPur£fe£3H*\ 'J 7- A^©$ 0 ZfrQ^mZltf' 2> U WTDN 
A 2lJ&g£RNA 4i&g> fr25££«k t) ^7°^ K7 ? -t?7°^ - 

(P-Acceptor) (@5?iJ#-tl5) ££$Uc 0 P-Acceptor©5' *SB£ »J * 

E?iJ£feoBack3* (@S«^16) K J; o T*JT£ ±EBTffrj!cU£#7^ 
—tJ--©3'«irT4 DNA>)#-4f£^T16 0 C, 2 B#|BlfiJfc*m^*£3-ti-fco 
d ©P-Acceptor£M N ±S5AT#feRNA03' *«&KT4 RNAUtf— tf£/Bl^ 
T10°C, 48«^$-ti:TiiM^-ti-/cfc©^^L^ Ctl^ Non-Spacer? y A 
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D. dCpPurOjiM 

±I£CT^ A ©3' 5MBlw, ±i£<l>MW »i©i!§ra# 
£>ft/cdCpPur£T4tf U 7 ^ l/^ K*^— traffic 240#K£lc;;*-ti\ 'J >m 

K t° a. - p v << i/ y tz * y 7 RNAy y A j&tRgT £ /Co 
< 3 >&»8B©:ftiHfc 

a. mA%j£mi5& 

J l**\£jri->itV yytMk (Promega) t-m^mMMMMMIRMO u 1 [E. 
coli S30 Extract Systems for Linear Templates (Promega) ] TiSIRL/ct&N 
^tl^'ft©^-7*frx h 1/^ h 7 t"i? 1 1: - X (^^ , ^ 

{r«t^T^46> ±ffi*m^Zo ^-?fc**-1':M£-X'£1000iUl©B&W BufferT2 
El&o/Co 500 #1©RT-PCR BufferT'2Hl&o tz'ik. 500# 1©RT-PCR B 

ufferTS^> i^X^> K(suspend)-r^ 0 -£ft£50// lit U500// l©x v 

-^tf-XdRT-PCR Buffer&«!lS^^^<tTaq ^U^^— i?' [Access RT-PCR 
System(Promega)] lB^TM^s PCRte94t/30S\ 65°C/40&\ 

68T:/1#40£I\ 40Hk 7°7^v-{iRight+ (@2«^-4) £3' Pur- (I#iJ#^10) 

d^T> c®^©^>-7° (S£5g|©l/->3) K#&iti£n/Co Z. 

Klim^&lfrK£ Wi^£#$U T77°o;e-*&tf + > 

^^Vfi^^o TLeftJ tPCRfrj^Tg&iU bKT 8 ?^ -7- Le 

ft+ (@e^iJ#-^3) £3' Pur- (@e?ij#^10) TPCRtCck^T^iPliU/Co COf/A . 
* TStrangerJ ££ftttfco 

#) iM^bTl>^^cb'^^^li-<^/c^^;-fe^^, 3'#JJCpdCpPur£T4 RNA 
U #-HfT^£LfcMA©5 , #J£HK 7 * X 7 r --fer (Epicentre) -C30°C. 1 
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uco cn**»flK*saiiaaiR^^iiRNA<tUTjn^.> 37°^ n^ra^sjES^-a- 

/Co :tl^> 1896SDS-PAGET8c»UA:*S**<*6iaT*5o ft8096JBt 
±<D«£T«lMfli (ite^S!) (gmM) U in vitro? 

ttU© TNon-spacerJ RNA^V A©3' jfcJSK* T4tf 'J 5 * K*+- 
K 7 - S2 P]ATP#£T\ 5'#J£ U >IMb L/cdCpPur£T4 RNA 'J tffcfiH^Cs 
50B*K£jES3-tfa*&$'£;fco fcfcc:tt£il#©4 »J t°- KUTl^raRNA 
i:Hi:«IlliMI5li:te> 37°C, 1 B# tf/c 0 d©ixJ&10 

jKl*U l/T--tfT2T#ft?U £*>©£> ^*©£0jft*1896SDS-PAGE-C» 

»U 4V-v?7:J-7'f1P-BAS2000 (SF±-7^l/A) Ttft/rUrt: ($70) 0 
*©*S*n U * U7-HfT2TRNA£#8?L/c;£Fte> * «-$#©&£ 

t 6 - h©* J; «3±K, 0^i^i!8&frK:**^::£#frfr 

ofco dftl^ tRNAJ:<9 t>i£HrLTl>SC <fcfr fc^^l/SfrfcioRNA (^40 

0%£) tOfeOWJ:^. l/^^T> mtm&frfti&LtzbCDtmfeLtZo 

mmm2 In vitrofr^X©iTO (2 ) 

< 1 > mm&<DX 3fea»agg>aa» 

( a ) rCpPur Cribocvtidyl(3' -» 5' ) puromycin©-&$ 

TO: b\-P7-f-» (puromycin) \ti/y-?fr£>^ h 
( N4-benzoyl-5'-0-(44'-(^ethoxytrityl)-2'-04ert-butyldimethylsilyl)-cj'tidine- 
3'-0-[0-(2-cyanoethyl)-N,N'-diisopropyl-phosphoramidite] ) Ii0$^°- -{? 7° ir 4 
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fa-D7>fy> (50 mg, 92^mol) £2 llOffiiitfy ^>CS^U 

9:1) T*-*-Ufc 0 M\ RiSiil BT^T-TSo £fc^ »K*«ETT 
il^ttlU dftKO. lM©3 7f££f- k KD75 Wtf U 5? W7j<=80:40:2K« 

it )\/2*/ / $ J — ;U=90: ffl 3 « o I > fc U # i/ f- : J )l> t° a — o 

W ->> (CpPur) (4>/y*y;HLC (£M&ft : ^P07tM: ^ * / -;U=9 
:1) TRf 0.32©<t^6{r^ai$nSo #K««S<Dll&#S**T-9 fc„ f»«*0 
o ^ A: >J *K -> f- 2> JU t° - n v >f <> > * Mmm&Wmm 0. 5 in 1 T:H ffi T 1 B# 

rmmbs fts*£*j£TTii^ffiLfcsu *7>*^7#/x*y-;u=2:i®ji 

gBCl M©7yftf" h5 7'^;U7> j e— 7A©x h7 t Fd7 7>M0.5 ml£ 
Jn;U 0-z/T J .x.^7l>S£&*Lfco 30^«JK*«JBETTit^aU, MJfcQ 
AE-H?7T7^>y i7X©^7Ai7 D-7 h^57-f -KW. 0-0.5 M0h'Jxf;l/7 
$ >mmm(DW.BVy-'J^y hT«^^;o ^M^fes «K^^-ii-^o 
^'v/f^t'a-D^^f ->y*<10 mg#t>tifc 0 ^WJ^'yf^/i't^- 

5* - 'J >Wi#bn^: MALDI/TOFvXX^ (. D y h U -T'[M-H]"© 
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< 2 >&jggg (in vitro ft>T;l/X©yy Ag)ggg) 

#5$ : ^f-^Htfe^ifil^ft&tB^ (Nuclease treated Rabbit reticulocyte lysate) 
OfcSBJB* >'**©£J5E&ti7"n ^ #^«A„ T7 RNAtf U /• T4 DNA 

U #— tf> T4 RNAU if— if , T4 # U ? * l/^f- K*-*— fc\ t hMAI V ** 
7 ? U7— EcoRK BanHK x;*-**> U * KttSSii*^fl!f 
AUfco IWffiBfcBstNU BglII(i^-^-^>^7> K77>^BgAL/c 0 [ 35 S] 
^f^y, [ 32 P]-rATPIiTV'> + A, TaqDNAtfyy?— 

fcffi/flUfc. k »©N*«»¥#0tt (7; 

*HW^7Xx K (PAR3040) (i> AZAPIIK^D-WfcSttfcfc M»©cD 
NA5^7*? >J-frbt h^^^>/^M©^fi®ft^PCRj*T^O.J:-tfT. 7° 
5X= K{r|l^•iA^/c^ i ©^t>N^^«©^•^PCRT'lil^ILT7 ,, 5X^ F 
K^&jAA,fc'&©T&£o PCR (Polymerase chain reaction) SM(iASTECPC800 

( i ) A©fpM 

A. N3Sffi¥fr@tt©DNA©fEll[ 
3 , 5fdB£X'*— fr-. ^7°f- K7?-£7°*-. rCpPur©iiML/cX h -y 7°n K 

5) £n- Kf *nRNAM:J«T0fi(J*a&3ftfc (£8 0) 0 

1) t h*7^ >/<*R(Goedert, M. (1989) EMBO J. 8, 392-399)© N*Jfi^ 
^«*ifi*^^7X; K (pAR3040)*f!IIR»*Bglini«k->TW»fUE« 

2) d©yyAfr&N*Sft¥#fig#3B# (7$ y»&£#-fl-165) *PCR(CJ: 
oTHMTTSo ^©IRx 7°5fv-i:LT> 5' ffiiJliLeftl(@^U#^18) N 3' 
WAX h y 7*3 K>*^trRightl(ffi^J#-^-19)<!:X h >y7°n K>£^£#^Righ 
t2(f£?iJ#^20)£f£^fc o PCR^#(i. ^1£92°C/30U\ 7—— 'J >^*65°C/30#\ 
#S^73°C/l^T30[UE^iSU^ o 

3) T7 RNA^'J J : ?--&(D7'n : £-?-W£s ^Vy? (Kozak) ffi^K t 
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4) ±E2) i3) ®®ftrnzntz-^<D^mmm®-m<D?c^&t)m 

mtltz, -?Ut>*>. ±i2 2S©DNA©^t;{i*^{±7 p 5>rv-^#«TTli 
iJIStU efc^?Left2(Efll#-3"22) <fcRightl(E#J##19)*S^liRight2(EyiJ 

*®©N*#¥#ffi#©0RF©-fc&fEKT7 RNAtf »J ^ 7--fe>'©7°o*-*- i^if 
y*E0J£t>oDNAjWj£$nfco C1©DNA£«I3!<!:1/T\ T7 RNA#U/5~tf£ 
/fl^37*t\ 2TO£0£tf£;:<bfCJ;^RNA£#*: o 

B. Spacer £^7"?- K7?-fcr 7°*-©^ 
Spacer5(E«f-23)£DNA 21^S£RNA 4*SX, It25^ct 0 7«B&, 

^7°f- K7* -fe 7°^- (P-Acceptor)(E#J#^15)*ft¥ttK£j$Lfco ^7°^ K 
7?-fe7°*-©5'»£'J >WLftttt)bU#*) Z 9 \s**Y*+-#*m*X^ 
36^ 1 BtlfflfifSS-tirfcS^ CftKfflffittE7!l£koX7 , 'J > hDNA (E»t2 
4) KioTM-fcU Spacer5©3' 5MSKT4 DNA'J #-Hf*ffl^-C\ 16°C> 2B# 

C. RNA£ Spacer- ^7°?- K7^-fe7°^-©^M 
±l2BT#/cSpacer5-^7 3 ^ K7^-t7°^-©ii^i*:©5 , *K 'J >8Mb-f * 

fcfcx T4tf'J i/^-f- •feffcJfH^ 36°C, lBSHSi&Stffc^ ±l£ 
AT#/cRNA«hT4 RNA 'J if£^T> 4^, 48B#PbTO££#£ £{;: J: 0. 51 

D. rCpPur©jgftf 

±EC TfftS Lfc^V A©3* < 1 >«»©©3' S^OlIt'i &ftfcrCp 
Pur£T4 #"J?^ K4^~ t?£/Bl^l5°C, 24&3rlH)£J&$-ti- 'J >^tU/;li 
T4 RNAU#— t?£fflt^3 7°C, 3 0 #£j££-tr/c 0 Ctlf^^K 3'^iS{^t°j.— 

E. h h^7^>^°^M © N^^©C^j^©rCpPur©^ 
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M©N«¥# (1-165) K-TSnRNAOS'^JBir, (1) X h «y-/u K>£ 

feo^DNAX^— tJ--(;tt>fc#^t>©> (2) X h .y7°3 K><tDNAX^--!J--© 
jfr&£t>fcfc^t>0* (3) Xhy^ KXifcfc^l^'DNAX^-lf-^feofc 
©. T£>£o :nb3oO^;A^f,> 32 PT^f&UfcrCpPur#£TT7lf-4^ 
^«ttHi^^ffl^/cMBai5iR^T^>/N 0 ^^fiS;^t>-li-/c CIS 9 0) 0 
3*^{CDNAX^— fr-a^lvct^^*-^ X h«y^n Kx&W&Kftjfr &r 
* >^^»©C*i»irrCpPur3&<IPISffiOJ»*T36*S-rsc tti<hfr-oiz 0 rttfc 
t>> rC P Pur^'ii^U/c^>^ 0 ^K©/<> K (»9 0©3SE3^t» 1 S@ £ 2#g©U 
->) (iSDS-PAGE (SDS-#U7? »J;U7$ Km»*») TC 35 S ]y f-tf^ >T^ 
RLfc^w^K©*^- (m 9 !!©-#;&© I/- » tl^blfcfflJC^nSo 
X h K>*<£< T&DNAX^-f— a<ot,vr^"&<!^ rCpPurli^ > 

K© C W 2 # © 3 ^SS©»T'ii^-r 5 C i*<t>^ o (SS 9 g|© 
£^b3|B0l/-»o - ©M^li> U #y - A0«!K^±*<DNACDE3?lJ±T 

t>iC CO^fiX h 7 7°^ K>^nc< ^ DNAX^-^-£3'«KrCpPiir£k 
o>rV A^'MMiR^TmRNAi UTl£fc>tl mRNA©3' t°a-PV 
^ v>^0-rS^IR^n/c^>/^@©CMfC^i#J:<^T^^C <b£^ 

< 3 >M»tR%T©In vitro? >T;UX©*i^ 

BUfe< 2 >tSEKSR (in vitro^-T ;UX©>!rV A© W) O^TffifgLfcfc 
7^>/^M©N«^# (1-165) £3- K-r^mRNA-DNAx^— 9— (105 mer) 

- K7 * Hr 7V rCpPurfr 7 it} ffl 

IMBfRS-tirfco *"ft h*tf*>'**M0N*Sg¥# (1-165) £=J- K1T&RNA 
£mRNA£ LTffll\ [ 35 S tt-><D9 y^9%^(DM^)'A^-vm^X^h t, 
N»^# (1-165) ©ty-7- (~28KDa) (~55KDa) ©feMfC/< 
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1 0§©(A)©i£«©U-» o Z.(D&%ltt h^*>'^M©N£4&¥# (1 
-165) %=i- K-r^RNAIimRNAiUT^UT^'SCi^UTC^o th^-) 
*>/^!t©N*ii&¥# (1-165) K-f £mRNA-DNAX^-- 9— (105 mer) 

-<~fi- V7 9 rCpPur^ £ 5 ^ V A£ C 3 5 S ] J J-it- > 

trMMi^^T'iaiR^-ii-. mmzfe-ox (5#\ io$k 20^, 4o#> m^xz- 
mi on©(A)©£*$©u->) ©^u±©i4®{riat)n/co c©^<> k©?£ 

£(i£0B#PBl©ii£$ (S&l 0EI©(A)©£^S>2#@~5#g©l/->) 
AM©^ (!&1 0H©(B)©l/->3 £4) i*{C»U/Co C©^(i>!fV 
A# t° ^ - □ v ^> > £^ U T * ? K© C « £ U/cC <t£ 

/TlTl^. C©C <t(iitfe-P3S! (genotype) T^M 

(phenotype){rMO*o{j"t>tl/cC i^*UT^^ 0 "T^t)*>s itfr?M£i£?i 
M©#J£ttU-#dP#t£}*fc©T&£o #f£(M^ti, C©#0ttl;r#-P£in 
vitro^-T;UX (in vitro virus) t&tftftz 0 In vitro^M JUX<D^f^.iZMir 3D 
NAX^-if- Ol^©fiCo^Ti^tiC^ 80 mer^Cg^Tli^iJ: 
<^/&-fet-f\ 4>tt< <ir *>100 merJ^±©:S$^gT£>£C: tib<t>frr>tz 0 

£t>Kin vitro^-f;l/X©^©5lfS(i> 32 PTMLfcrCpPur£.^T&£ 
ftfco -fttfr"^ th^^^°»N«f^ (1-165) K-f SmRNA 

-DNAX^— 9— (105 mer) -^f- KT ^-tr^^--[ 32 P]rCpPur^«^ ^ -5 y 

■*-*S (mung bean) ©7 ? Uy--tfT7^fc-f £ C itC J; oTJrlM^ft/Co "fft 
t>*K «^ (f&l lgl©l/->3) ^^s©;*? UT-^'TtfHfc-f 6£> 
th^")^>/^f©N*m (1-165) ©^7-7-i^^^- (HI lgl© 

\m%tz>&w.K'<y M<*jLt>titz mi i BicD u— > 4 > o c©^ 

tit, ? >/^K©C»(r 32 PT«$tlfcrCpPur/j^^Tl^C t£<SML 
i:M^T'lib/;CtW^o *££©«<i&l 0%£M£ft/c o 40- 
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100 pmol/ml©$£©in vitro^ ;UX^V AteMT^ &©-?> &/£Urt:in 
vitro>>-r;UX(i2.4~6 x 10 ,, ©£JW**'S'fc^afr fcttfK ;otii7 7-y 
•f^X^l/'fS (Scott, J. K. & Smith, G. P. (1990) Science 249, 386-390) © 
l^Kffl^-f 3o In vitro^^;UX^ffl^/citlE^«baMO^JCi>#^{i, 

in vittov j )\<x%m^^T<D? y'<?w®Mit%W5m±, mi 2m^-r^. 

OiZ^ (1) in vitro$>f A0«S8 % (2) in vitro^ >f ;U0xl> 

(3) M^ntx, (4) &g*As (5)^ OIg^b«D,afttt^> 

WW^Mtt^>/^K©«WliJW^fli^^o (1) (2) 

0X^{roc^(i±E^»ii^a r 2T : i:^{r^/co (3) N (4) 

RXf (5) ©Igfcolvri&^So 

ypf'f >AOZZIi (Nilsson, B., et al., (1987) Protein Eng., 1, 107-113) 
%m^c 0 £tz, nyho-yl/iUdtF^O^^^lON^W (1 10 
5) (Goedert, M. (1989) EMBO J. 8, 392-399)£fl? Wc 0 ±EM#iJ 1 RV2T 

^>/n°^S©N**S«« (1-105) £n- KfSin vitrei >f / AfcflURl 

Ufc 0 7°P-r-r >A©Z Zffi^^tfin vitro^;UxyV A £ t h 
^^©N^M^c (1-105) ££frin vitro£^;l/Xy / A©Jfc$£l : K 1 : l(k 
1:100, 1 : 10000 «k-?K&;U ^If^^Jt^ftiajjK^ffll^MJiaailRS 
T30°C, 10^MIR^-ti-/c o *©&> IJIiR»£;«L> ifri>#$£tf-9T*& 
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^□7°U- hfr£«f«£«r£lfc^ Vc&mmmWL (50 mM TrisW. pH 7.5/1 
50 mM mM EDTA/0. IX Tween 20) Tfr6HJ&fc&U JgfflJBSWS (» 

^ pH 2.8) 7?2|ll*tt}Ufco i&ffl«*i*y-^etK3-t!\ 20^1©«ffi*T 

mm\yX. &$m?wi<bT>-7\/- htLtzo m^?cmtmm^mm (Avian 

Myeloblastosis Virus Reverse Transcriptase x "futiSW:) tMK^-^/^ — ^f 
(Tfl DNA Polymerase. -fu/iSW tzf^^f^—t UTRTt (@2£iJ3|-5§-25) R 
mi- (ffi«^26) t&m\ 48*CT40#Ei&3-y-fc^ 94 < CT5^K4!ISTj£ 
<£^g#£5fcjg3-l2\ ftt^T> 94 °CT30&\ 66°CT40$\ 72*CT4O8>01M * 
3 0 |§]&9g Ufco #t>n/cPCR^(i, SM^Rfc-g-iMXtf U 7 /"J ;UT = 

A©Z Z^c^frin vitro"} W^X^V A(±3> hp-^VAT^?, t b ^ 
^^>A7f0N»i^ (1-105) £3-£fin vitro tf-f ;UX^V A©100#© 
lMTfeJtiPMT^S-i^^-pfco £©*££{;J\ /of^ >A0ZZ«S«*# 
tin vitro^^;UX^rV A^I^^tlZ-c^P-r-r >A©ZZl^LTv-)7 
IgGjr^^^^U/c- i^^lTl^o -ttltt^ in vitro^ jUXfrMtk'V 
£ZZ tfrWh>friZt£~,tz 0 g.m&AR&IQffiltt'VKttiL ITI^ Error- 
prone PCR (Leung, D. W., et al., (1989) J. Methods Cell Mol. Biol... 1, 11-15 ) 
^Sexual PCR (Stemmer, W. P. C. (1994) Proc. Natl. Acad. Sci. USA 91, 
10747-10751) £flHvHtfnrfieT&5o Lfcd^T. % \ 2 0IC/*L.fcin vitro 

^mm^x'o. Mittm mmu) twm <o*mwm* 

vitro^-T;UX) ZUm'gftMtklkfc&QltolkL, iltR$n/cS<^ft©in vitro 

ipif-^c tzmmttzin vitro^^yux^i^c^ MoM<tmmMm- 
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(i) ttiMA : =H^fc^#^tt 

(iii) nmm ■. 2 e 

(iv) m&ft 

(C) rfJ : WfflK 

(D) *H : 

(E) H : B*ffl 

(F) ZIP : 1 0 3 

(v) u>t 0 ^-^M<?™^ 

(A) »#: 7P7t'-f^^ 

(B) 3>fc?a-* : IBM PC 

(C) ^fP'>Xx A : PC-DOS/MS-DOS 

(D) V7^x7: Patentln 
(vi) SlfTttllir-* 

(A) fcBB(«- : 

(B) ttiggB : 17.10.97 

(C) #ffl : 

(D) #jSE# : E97128I0623 
(vii) ft©Mx-^ 

(A) tB«-t : JP 1996274855 

(B) ftHB : 17.10.96 

(2) mm^umtzffiw. 

(i) E^jotffc 

(A) : 33 

(b) m : mm 

(C) ft<D& : 

(D) b^Pv 5 - : Eilft 

(ii) nmomm ■. i&vmm 

(A) M : £J»A 
(ix) ffi?U©#@ 

(d) m>wm ■■ n7a*-?-±tii 
(xi) etu : m&m^ 1 

GAGCATAGAT CTCGATCCCG CGAAATTAAT ACG 34 



(2) mm^2iiMtz>mm 
(i) mnomm 
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(A) fi£ : 33 

(b) m ■. mm 
(o mom : -*® 
(D) h^D-^- : m.mk 

(ii) E3i®4IS : flkO«K 

(A) fflH : £$DNA 
(ix) fi^©#« 

(D) ffe©fff« : K>££t; 
(xi) E?iJ : E?iJ#^2 
GCAGCCGGAT CCTTACTACT TGTGGGTTTC AAT 



33 



(2) Mfm^s^mtzin® 

(i) mmomm 

(A) : 33 

(B) s : mm 

(C) flg®& : -*m 

(D) htfo^- : jj££tt 

(ii) EMvmm \mmm 

(A) IftBJJ : 
(ix) E?U©#^ 

(D) ftiomm : Kv££*,\ ra#-^4iffiM 

(xi) ®m : @e?ij#^3 

GGACATGACA TTCATCATGT CTGGCATATG TAT 33 

(2) mm^4izMtz^n 

(i) i£?ij©#m 

(A) fi£ : 33 

(B) m : mm 

(C) gH©jgfc : 

(D) h#o$>- : mmtk 

(ii) unomm ■. momm 

(A) 1^0^ : -g-jjRDNA 

(ix) Eflio#« 

(D) ffeOfflB : Mt&n K>*#fc\ E»#3<hfg*i 
(xi) K?U : E?IJ##4 
ATACATATGC CAGACATGAT GAATGTCATG TCC 33 

(2) E7lJ#^5K&|-rsifcS 
(i) E^J©#Sfc 
(A) g£ : 16 

(b) m : mm. 

(C) itoifc : -#8t 
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(D) htfpv?- : mm^k 

(ii) fEMOmm : tiLV&Wt 
(A) WiW : -n*^DNA 

(ix) &m<D%m 
(xi) mm ■ @s»^-5 

GATCTATTTC TTATTC 

(2) k*j#^ 6 

(i) @2?U©#tfc 

(A) : 17 

(B) M : 

(C) il©$[ : 

(D) Mo>>- : Mtt 

(ii) nmomm : #©&$ 

(A) mm : -g-ilJcDNA 
(ix) ifi^ij©#iS: 

(xi) mm .■ @e?u#^7 

GAAGAGAATA AGAAATA 

(2) K?U1H§-7Klia-f StSfg 

(i) @S?lJ©#^ 

(A) ft£ : 17 

(B) a : mm 

(C) : -» 

(D) h^Di?-: ilSttR: 

(ii) ffi?«©8S : fl!l©^» 
(A) M : £-$DNA 

(ix) EMQ)tm 

(D) fflsOflHR : K»^6£*@ffittgf5#£W-f £ 
(xi) ffifll : @^IJ§^7 
TCTTCTATTT CTTATTC 

(2) mm^8izmtzfm 

(i) K?iJ©#$ 

(A) : 30 

(B) M : fflk 

(o &©& : -*it 
(D) htfuv?- : mmik 

(ii) e^ijoss : 

(A) M : -&JEDNA 
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(ix) oamomw. 

(D) flfccDttfg : ®$m%§tmm&uft*mt% 

(xi) Un : S£?U##8 
GGGTAAACGA ATGAACAAGA ATAAGAAATA 30 

(2) E?U#^9(rWr^tf^ 

(i) E?UO#ii[ 
(A) :B£ : 108 

(b) m : mm 

(d) h^D^-: mm® 

(ii) @e?ij©a^ : mcomm 

(A) l^eg : -£$DNA 

(ix) @e?y©#m 

(D) ft&©ftfR : Ty-ytRMOmm^t S 

(xi) ae?y : mm^Q 

TTGTTCATTC GTTTACCCGG GGCTATAGCT CAGCTGGGAG AGCGCCTGCT TCTAACGCAG 60 
GAGGTCTGCG GTTCGATCCC GCGTAGCTCC ACCAGGAGGC GACTAGCT 108 

(2) t&mm oizmt zmm 

(i) m^omm 

(A) ft£ : 23 

(B) m ■ mm 

(C) ma®. : 

(D) h#u?- : Bill* 

(ii) @e?y©M : momm 

(A) fflPJ! : ^-fiXDNA 

(ix) mmo^m 

(D) #©tffB : 75->tRNA©3'#J©K?iJ©--$£#-r3 
(xi) ge^ij : B^lJ##l 0 
GTGGAGCTAC GCGGGATCGA ACC 23 

(2) mm^i lKM-rstpg 
(i) 

(A) : 25 

(B) a : 

(C) g|©Sfc : 

(D) Md^- : 

(ii) U£iJ©M : 'ftfa©^ 

(A) mm : ^-jsdna 
(ix) ie^ij©#® 

(d) immm ■. k ^ 
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(xi) m#\ : mvmm 1 

GCAGCCGGAT CCTTTCTGCT TGTGG 25 
(2) &m^l 2i:lt5lfi 

(i) mnomm 

(A) g£ : 21 

(B) si! .• mm 

(o mom. : -*&t 

(D) htfo^- : il^ 

en) wimomm momm 

(A) HJ&BJ : I^J&DNA 
(ix) @£?lj©#$: 

(D) #ottig : mmmit-mmtemmzb^ 
(xi) be^u .• mm^ 1 2 

CTTTAATGAC CTCCCCTCTC C 21 
(2) Efll#^l 3KM1-£tf$B 

(i) mmoim 

(A) : 40 

(B) m .• mm 

(C) : -#8£ 

(D) Mov>- : gftR 

(ii) mnomm i&omm 

(A) M : £/&DNA 

(ix) mmo^m 

(D) ^Ott$6 : S^iJ#-tl7<!:-M^d:ra*to 

(xi) s^u : mnmm 3 

CTTTAATAAT TTTTTTTTTT TTTAATGACC TCCCCTCTCC 40 

(2) mm^i 4izmtzmm 

(i) mm<D®m 

(A) ££:60 

(B) m : mm 
(o : 

(D) htfnv*- : ilStft 

(ii) mmomm ■. momm 

(A) mm : £/&DNA 

(ix) IB^IJ©#^[ 

(D) #©tf|g : K»^17<h-Mffiniffi£iJ£&o 

(xi) mn : ffi»^§-i 4 

CTTTAATAAT TTTTTTTTTT TTTTTTTTTT TTTTTTTTTT TTTAATGACC TCCCCTCTCC 60 
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(2) E?iJ#-t 1 5lzM-?Zffim 

(i) &HD#Wl 
(A) g£ : 80 

(b) m mm 

(C) fi!<Z>% : 

(D) h^Pv'- : mm®. 

(ii) ie^uoss : fa<D&m 

(A) M : £-j£DNA 

(ix) mmvum. 

(D) a^anr : mmmit-mmtemmz&'D 
(xi) ae^ij : e*!I#-s§-i 5 

CTTTAATAAT TTTTTTTTTT TTTTTTTTTT TTTTTTTTTT TTTTTTTTTT TTTTTTTTTT 60 
TTTAATGACC TCCCCTCTCC 80 



(2) Efll##l 6HH-r5tf« 

(i) E?U©#* 

(A) 5$ : 25 

(B) & : mm 

(o mom : -*« 
(d) h#n^- : sou* 

(ii) £7U<D«£ : flfe©«» 
(A) M : £$DNA 

(ix) B£?lJ©#$fc 

(C) #£ffiS : 22. . 25 

(D) ffe©tff$R : RNA 
(xi) EflJ : 6 

CTTACTGTCT TTTTTTTTTT TGAGC 25 



(2) mm^i nm+ztun 

(i) nmmm 

(A) :B£ : 33 

(B) m : mm 

(C) &t©& : -*St 

(D) hlP^-: jg&# 

(ii) mwcomm : wmm 

(A) W(M : £«A 
(ix) g^ij©#m 

(D) f&©fifg : E#J##16£-®ffl*i&fcBe?iJ£*>o 
(xi) i^ij : W$m^ 1 7 
AAAAAAGACA GTAAGGGAGA GGGGAGGTCA TTA 33 
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(2) 8iZM?Zffi® 

(i) mm®<%m 

(A) Jt£ : 24 

(B) §y : mm 

(C) lOt : 

(D) h^Di*- : 

(ii) K?lJ0®« : #®&$? 
(A) : &m>M 

(ix) ffi?IJ©«F* 

(D) ttKDWm : ^^^^N'^KON^iB^WfilrtON^OMifen K>£ 

Sir 

(xi) JSM : S£?lJ#^l 8 
ATGGCTGAGC CCCGCATGGA GTTC 24 



(2) Bfm^l 9^M? *tf« 

(i) BE7U©#a 

(A) fi£ : 24 

(b) m-.mm 

(C) : — #8 

(D) htfpv*- : B«tt 

(ii) S2^j©g^ : 

(A) M : ^JSdcDNA 
(ix) EJIJ©#« 

(D) ffe©ff$K : ^^7^ ON»«0C*©tten K>£ 

(xi) mm : 1 9 

CTCTGCCACT TACTAGGGCT CCCG 24 



(2) @e?y#^2 OKWrstiMS 

(i) @B?iJ©#^ 
(A) :23 

(b) s : mm 

(C) ft<Z>% : 

(D) MP^- : 

(ii) raoas : #©&$? 

(A) mm : £/£DNA 

(ix) 

(D) ®L(D\m : >/^i0N»«OC|O|te3 K>£ 

(xi) ge^lj : 5tflJ#-t2 0 
CTCTGCCACC TTCTTGGGCT CCC 23 
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(2) ®mm^2 wm-tzmm 
(i) 

(A) &Z : 118 

(B) S : 

(C) gt©8t : 

(D) h^O^- :fi8ttt 

(ii) %ma>mm i&omm 

(A) H&W : £/£DNA 

(ix) @e?y©#$: 

(D) #©ff# : T7RNAtf U / 5 — ifO^Dt-^-m kozakittfik b 
>/n°^©T ^^S#^l-25fC*@^-r-5DNA@e?iJ^-^i;DNA 
(xi) E?iJ:@fi?U£^2 1 
GATCCCGCGA AATTAATACG ACTCACTATA GGGAGACCAC AACGGTTTCC CTCTAGAAAT 60 
AATTTTGTTT AACTTTAAGA AGGAGATGCC ACCATGGTTG AGCCCCGCAT GGAGTTCG 118 



(2) e?ij#^2 2\z.m-tz>mm 

(i) umvmwL 

(A) ^$:30 

(B) m : mm 

(o mom : -*m 
(D) h#ay- : mmw 

(ii) SB?IJ©SS : flfe©MS? 
(A) 3ftBJ3 : ^DNA 

(ix) mwmm 

(D) #©fif$R : T7RNAtf >J ^ ^-t'C^Dt-^-f-S^' MM 

(xi) |2?lJ : I2?IJ#^2 2 
GATCCCGCGA AATTAATACG ACTCACTATA 30 



(2) mvm j %2 3tzmtzffim 

(i) @£?iJ©#m 

(A) fi$ : 105 

(B) ® : W 

(C) t8©ifc : -» 

(D) h^o-^- : liU* 

(ii) nmomm momm 
(A) mm : £j» 

(ix) ffi?iJ©M 

(D) tik©tf IS : Spacer5 

(xi) : gfi^JS^-2 3 
AAGCCACTCG CGTGGTCTCG CATTTTTTTT XTTTTTTTTT XTTTTTTTTT TTTTTTTTTT 60 
nTTTTTTTT TnTTTTTTT TTTTTTTTAA TGACCTCCCC TCTCC 105 
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(2) @£?IJ#^2 4KM-f *tt» 

(i) gE?iJ©#$ 

(A) : 25 

(B) m-.mm 

(C) M©ifc : -« 

(D) h#P5>- : M# 

(ii) mwnm mcomm 

(A) : ^DNA 

(ix) mm<D!&m 

(D) ffil©tiff8 : X/'J > hDNA 
(xi) SE^IJ : ge?lj#^2 4 
AAAGACAGTA AGGGAGAGGG GAGGT 25 



(2) m&m^2 5izMtzffim 

(i) E?U©#$: 

(A) fi£ :47 

(B) Si! : 

(o ia©& : 

(D) |>#Dv?- : 

(ii) mwomm ■. wmm 

(A) M : ^DNA 
(ix) @B?iJ©#Sfc 

(D) momn • mumcm-??*-?- 
(xi) mm : se?y#^2 5 

GGTTTCCCTC TAGAAATAAT TTTGTTTAAC TTTAAGAAGG AGATATA 47 



(2) mm^2 6izmtzmm 

(i) &?IJ©#$ 

(A) S£ : 25 

(B) m : mm 

(o m©tfc : -*m 

(D) Mo>>- : jtftgft 

(ii) mm<omm ■. ®.o®m 

(A) WR : £i» 
(ix) K?iJ©#ii[ 

(D) ftil©ti$8 : ^^PCRffi7°5^ V- 
(xi) tin : &«^2 6 
AGCTTTCAGG CCAGCGTCCG TGTCA 25 
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i» * © ts m 
i. zE&mmzm-rz&m&t. mmommzm^tz? 

3 . * > / ra© c im t #w*££"f s & wiWM t° * - d v w •> > t 

1 lit 2 £K£tt©S*(S{t##*o 

©itfc^ ©f8ERj»T£> £»*©$SillS 1 Stt I * 3 II© I ^"ft^d E«©*f 

5. RNAfr&ttSSfK^tx BUfeitfeT-f-X^-f— ^^UTii^L 
iz^r-fX/ y tRNAi*^»*Of5IB» 4 :®{;:Ei$©ftJ£ttJt#?-o 

6. Itjffif-T'l/^-b— tRNA^\ Btjl2it^©^3 KXC*f^t^.T>f-n K> 

IS*©fgffl^5^{rlB«c©^#^^o 

7. 8831$*^ RNAfr&fcSiHE^is DNA^RNAi^bteSX^-IJ— 

m^cammm 4 strE«©*Ks<t^^„ 

8 . mmm\ RNAfr & # S itfc^ £ , DNA <t # 'J xf u > yn-^t^b 6 

zK—y— t^vm^ommm 4 iiKfe«<©#^w#^o 

S*#©ISffll& 4 £fcffi«J©*K&fttf 

1 0. SKW^n RNA^bttSitfeT-^ RNAiffifll©'^^ (PKA) £fc 

«DNAi©r*il*>e>/j: § x^--*- <k££frSt#©tfiffl& 4 ^ic «©#/£# 

1 1. &&8B#> DNAfrbttSitfcT-i^ m\tmtfrt>t£ZX'<—y—£$:% 
i;fi*©$S8!Sg 4 5tciatt©*fjS#fj-^ 0 

12. (a) aft^^t?DNA03'*^II9t-^^«y^-tRNA»r^(£:-rSE?lJ0DN 
A£x^-1>--£^LTii£;U (b) #t>n/cDNAii^#:^|s^LTRNA(: Ls 
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(c) #btl/cRNA©3'^(C, 7 $ jmh^AtT I J &KS-(HLfcfb^*il£# 

fcftmtW&fcWtS&KfciiiteU (d) #t>n^ii^^mRNA<!:LT» 

©SSlRiitl <t 5Ct i 1" ^ s if *©fEffifr 5 ig tr E|g©^J5£:#^ 

13. (a)Mnh'^t £4H ^fc^£^frDNA£fm U (b) « LfcDNA 
^■g^UTRNAjrU, (c) #£ftfcRNA03'^MJKDNA£RNA©*y 
-9--£&&U (d) $t>(C#t»n/cig^©3'*MJ{r. 7 ^ / (^(d^ 

£1^1*7? U*-> KfrML^^ii#^^-T^t/®*ai^U, (e) 

1 4. 7* U*-> K**t>ii2* l/** KKSM0fcft^«ifi#&*Wf-<5&K 
#^-Pv^>T&£!t;£©$5fflS&l 2ig£fc(iS$l 3^lc8EKK0«^j* o 

15. (a) »ih=» K^^fc/c^^itfE^-g-^DNA^^U (b) flSfiSLfcDNA 
*ts^UTRNA»rU (c) #£ftfcRNA©3'*MONA£tf Ui^l/>? 'J n- 
;l/©^^^©x^--y--^ii^U^ (d) $ t,{r#t,tifcii^#:©3 - «#J{r, 

JtfeU (e) *#bftfc^Mtt£niRNA<fc UT&,tt* 

16. (a) »jJ:3 VyZbtctl^mttZIZ&mZttJ&L, (b) ftJSLfcDNA 
£ft^LTRNAKU (c) #t>tl/cRNA©3'^i#J(r-$i|©DNA©X^--y--^ 

(d) <*£K®£ftfc«ii£#©3'*Sffifl(i:U 7 ^ yS££><$t/' i (i7 y 
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17. (a) ifcitn K>*t/cnc^itfe^<!:X^--9--©^«@e^Ji^#t;DNA^ 
ffcfcU (b) mSLfcDNA£fi^UTRNAK:U (c) #^>tl/cRNA©3' *MJ(C, 

j&BU (d) »6n^RNA©«ite(*:©jSe^^O3'*»fl0©^{wffi«l©PNA 

^/c(iDNA^PX.T-«*^^-ti-. (e) ^£ft£&£H*£inRNA<t LT&lffllfe 

1 8. m^ommmi 2m> mi 3^ mi sm. mi emR^mi 7m®^-r 
tifriz&mcDij&K&io, «fe^^^DNA*>b> tt&m}&ttm&-rzmm 

i9. m#xmx*ft$>titzm%m&xmizmtzz. tizx<o, mmxm* mtk 

mi 8&K&m<D?>'<?n<Dm<t&mj3iko 

2 o. mxotimmi 2m, mi sm, mi sm, mi emRi^mi imo^-r 
tifrizmmvism^x ^mmm^^^mm-t^mmxmt, mmxmr&bti 
tzttmm ft* tm<D?>s<9m£ mm t ©isffffl zm^ % fefexm t & 

©&£#&„ 

2 1 . it^^-a"ii-DNA©3* ^flMUJW^U y -tf--tRNAK*f01- 3K?'J©DNA£X 
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NAKfe^-T S|53?¥S\ ^¥^T#btlONA©3'^MJ{lDNA,i:RNA© + / 5 

te^tik m-ii^¥^T#t>n^RNA-x^-i}--ig^©3 , ^(r, rum** 

-Jlfe¥S. ^Ilii^^T#b>n/-cii^^inRNA<hLTMiia^>^ 0 ^ 
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i 



D N A 
5' — — 



SD 3— tV >$*fJU* X**- sup t RNA 



rna mnva 

5 




(dCpPur) 

3' 5fcflS£dCpPur££ofcRNAl£3£4& 

5 — : 



dCpPur 



N sup tRNA 




•J *"V - A 



120 

®*.ffl*ft (&AIJ26) 
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5' .... 3' 



DNA 



DNA 



<E9 
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5' 



RNA 



RNA 
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^ a» _ -y- _ 
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5' 



RNA 



RNA 
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5 ' 



I- 
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3' 
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1 
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5 
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